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foods  ttaiil*.  That*  high  dosagat  fraquantly  produca  dalatarious  organo¬ 
leptic  changat  in  the  product.  Tha  dagraa  of  food  tpoilaga,  and  the  cost 
of  tha  stariliaation  process,  will  vary  directly  with  tha  quantity  of 
Ionising  energy  applied.  Hence,  neana  must  be  sought  to  lower  sterilis¬ 
ing  doses. 

This  contract  undertook  a  study  on  the  synergistic  lethal  effects  of 
food  additives  and  radiation  on  spores  of  Clostridium  botulinum  in  meat. 
Results  are  presented  which  Indicate  that  certain  combinations  of  simple 
edible  chemicals  (NaCl,  NaNO^,  NaN02) ,  in  concentrations  permitted  by 
the  FDR,  effectively  reduced  the  sterilising  dose  of  ground  round  beef, 
infected  with  massive  numbers  of  Clostridium  botulinum  spores,  by  0.5 
to  1.0  Mrad. 

The  work  covered  by  this  report  was  performed  by  the  Microbiology 
Department,  Oregon  State  University,  under  Contract  Nc.  DR  19-129-QM- 
1517  during  the  period  June  1962  to  September  1963.  R.  U.  Rnderson 
was  official  investigator  and  P.  R. ^Elllker,  R.  F.  Cain,  and  K.  L. 
Rrabbenhoft  were  his  collaborators. 

The  activities  under  this  contract  were  monitored  by  the  Microbi¬ 
ology  Section,  Q.M.  Food  &  Container  Institute'^.  Miss  Dorothy  R.  Huber 
served  as  the  Project  Officer  and  Mr.  Rbe  Rnellis  was  Rlternate  Project 
Officer . 


♦Currently,  l.*croblology  Branch.  Food  Division,  U.  S.  Rrmy  Natick  * 

Laboratories . 


EDWRRD  5.  JOSEPHSON,  Ph.D. 
Rssociate  Director  for  Radlatiun 
Food  Division 

APPROVED: 

FERDINRND  P.  MEHRLICH,  Ph.D. 

Director 
Food  Division 

DALE  H.  SIELING,  Ph.D. 

Scientific  Director 

U.  V.  VAUGHRN 
Brigadier  General,  USR 
Comnanding 


it 


TABLE  OF  CONTENTS 


INTRODUCTION . 1 

MATERTAIS  ^ffi■ni0DS . 2 

RESULTS  AND  DISCUSSION .  4 

REFERENCES . .  7 


LIST  OF  TABLES 

1  Spoilage  of  canned  ground  round  beef  Inoculated  with 

Clostridium  botulinum  (33A)  plus  test  compound  and 
irradiated  at  2.0  megarad  .  8 

2  Spoilage  of  canned  ground  round  beef  inoculated  with 
C,  botulinum  (33A)  plus  NaN02  and  irradiated  at 

various  dosage  levels .  9 

3  Spoilage  of  canned  ground  round  beef  inoculated  with 
Clostridium  botulinum  (33A)  plus  NaN03  and  irradiated 

at  various  dosage  levels . . . . .  10 

4  Spoilage  of  canned  ground  round  oeef  inoculated  with 
Clostridium  botulinum  (33A)  plus  NaCl  and  irradiated 

at  2.0  roegarad . 11 

5  Spoilage  of  canned  ground  round  beef  inoculated  with 

Clostridium  botulinum  (33A)  plus  test  compounds  and 
irradiated  at  various  dosage  levels . .  12 

6  Spoilage  of  canned  ground  round  beef  inoculated  with 

Clostridium  botulinum  '33A)  plus  teat  compounds  and 
irradiatt*d  at  various  dosage  levels .  13 


ABSTRACT 


Sport!  of  Cloatrldlua  botulinian  (33A)  were  inoculated  into  canned 
ground  round  beef  containing  various  additives  and  sub.jequently  ir¬ 
radiated.  Sodium  nitrate  (1000  ppm)  plus  sodium  chloride  (2.570 
complatelv  inhibited  spoilage  for  120  days  at  35°C  when  the  samples 
were  exposed  to  2.0  Mrad,  and  no  viable  spores  or  toxin  were  re¬ 
covered  upon  Suu-culturc.  Cue  hundre'’  ^we^ty  five  cans  war* 
used  per  run.  The  use  of  either  additive,  with  or  without  radiation, 
did  not  prevent  spoilage  unless  higher  levels  of  radiation  such  as 
2.5  and  3.0  Mrad  were  used,  with  the  concomitant  production  of 
undesirable  odors. 

Sodium  nitrite  (200  ppna)  plus  sodium  chloride  (2.5X)  inhibited 
spoilage  for  120  days  but  there  «ras  evidence  of  spore  viability  and 
toxin  production  in  some  of  the  unspoiled  cans  when  the  radiation 
level  was  2.0  Mrad.  Higher  levels  of  radiation  gave  results  similar 
CO  those  obtained  for  sodium  nitrate  and  sodium  chloride. 
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INTRODUCTION 


Clottrldlum  botullnum  hac  been  reported  to  be  one  of  the  laoet 
radiation  resistant  food  spoilage  b<.cterla  (Morgan,  1953,  1954;  Kesipe, 

1954)  ,  In  addition  botullnum  pr<)duces  a  highly  potent  toxin  and  Is 
a  heat  resistant,  spore- forming  organism  which  survives  In  many  non- 
acid  foods.  For  these  latter  reasons  particularly,  it  Is  highly  de¬ 
sirable  that  adequate  means  be  developed  to  inhibit  the  growth  of 
this  organism  in  those  foods  where  acid  and/or  heat  cannot  be  used. 

The  use  of  radiation  for  the  preservation  of  foods  Inoculated 
with  various  bacterlil  species  has  been  reviewed  by  Niven  (1958). 

Rlemann  (1962)  has  also  recently  reviewed  the  use  of  other  agents  to 
control  cr.  .1  ^  bctuli^ai.  Aaxing  tliesi,  sodium  nitrate, 

sodlu:^  nltrJte  and  sodium  chloride  have  been  successfully  applied  to 
cheese,  canned  meat  and  other  foods  (Jensen,  1954;  Sllllker,  1958; 

Kempe,  1962).  However,  the  complete  Inhibitoiy  effect  of  sodium 
chloride  and  sodium  nitrate  at  concentrations  which  meet  Federal  Food 
and  Drug  Administration  specifications  has  not  been  subicantlated  by 
other  workers  (Hansen,  1955).  It  Is  also  well  known  that  when  radia¬ 
tion  Is  used  as  the  sterlllxlng  agent,  It  frequently  causes  serious 
defects  odor,  flavor,  color  and  texture  In  food.  This  Is  particular¬ 
ly  true  when  high  radiation  levels  are  used,  such  as  those  required  to 
destroy  botullnal  spores.  Consequently  It  would  be  highly  desirable 
to  determine  If  certain  chemical  compounds  In  combination  with  radia¬ 
tion  can  effectively  destroy  or  Inhibit  germination  of  botullnal 
spores,  and  equally  Important,  to  determine  the  minimal  levels  of 
radiation  and  test  compounds  which  will  consistently  destroy  these 
spores  in  food.  A  previous  report  on  a  preliminary  study  by  Anderson 
(1962)  Indicates  that  when  MaN02,  NaN03  and  NaCl  are  used  In  various 
combinations  with  irradiation  (2.0  Mrad) ,  there  Is  Inhibition  of  spoil¬ 
age  cf  canned  ground  round  steak  which  has  been  Inoculated  with  C , 
botullnum  (type  5A)  spores  when  Incubated  for  90  days  or  lass  at  35'’C. 
However,  viable  spores  were  recovered  In  subculture  and  these  produced 
a  toxin  lethal  for  mice.  The  present  study  was  undertaken  to  determine 
which  levels  of  certain  test  compounds  and  radiation  will  destroy 
botullnal  spores  when  Inoculated  Into  canned  ground  beef.  In  addition, 
spores  of  type  33A  will  be  used  since  recent  studies  (Anellls  and  Koch, 

1962)  have  Indicated  that  It  Is  one  of  the  most  radiation  resistant  strains. 


MATERIALS  AND  METHODS 


Preparation  of  Spores.  The  stock  atraln  of  botullnua^  type 
33a,  vaa  obtained  froaa  the  Quarteramster  Pood  and  Container  Institute 
for  the  Anced  Forces,  1819  Porshlng  Road,  Chl<'«go,  Illinois*.  The 
spores  were  grown  and  harvested  according  to  the  procedure  described 
below. 

The  Inoculua  was  heat  shocked  for  10  minutes  at  80° C .  Innedl- 
ately  after  heat  shocking  a  0  SX  inoculum  was  Introduced  Into  430  cc 
of  freshly  bccAmed  tryptlcase  thloglycollate  broth  (tryptlcase,  5.0%; 
BactO'pcptone,  1.5X;  glucose,  O.OIX;  sodium  thloglycollste,  O.OIX). 

The  Inoculate J  flasks  were  then  Incubated  for  6  days  at  35°C  In  an 
anaerobic  atmosphere  (97X  nitrogen  and  3X  carbon  dioxide)  to  allow 
for  the  formation  of  a  maximum  number  of  spores. 

After  the  6  day  g’-owth  period,  the  •pore  suspension  was  centri¬ 
fuged  (20  minutes  at  2200  RPM)  This  was  followed  by  six  washings 
with  sterile  phosphate  buffer  (0.15M)  adjusted  to  pH  70  Finally, 
the  spores  (titer  10^  spores/ml)  were  resuspended  In  the  buffer  and 
stored  In  screw  cap  tubes  at  4-6°C. 

For  each  experiment  the  refrigerated  stock  spore  suspension 
was  heat  shocked  and  Inoculated  Into  2500  cc  of  fresh  trypticase- 
thloglyccllatc  medium  After  the  6  day  growth  period,  the  spores 
were  centrifuged  and  washed  (2  times  In  buffer)  and  resuspended  In 
200  ml  of  buffer.  This  latter  suspension  was  used  In  making  the 
viable  spore  count  by  the  "most  probably  niasber"  technique  and  was 
also  the  Inoculum  to  be  used  in  inoculating  the  meat  prior  to  canning 
and  irradiation.  In  all  experlswnts  the  Inoculum  consisted  of  1  x  10^ 
spores  per  gram  of  ground  round  and  was  added  just  before  the  meat  was 
canned. 


Chemical  Additives  and  Spore  Inoculation  The  following  test 
compounds  **ere  used  at  the  indicated  levels  in  various  combinations, 
with  and  without  tadlation- 


Test  Compound 


Levels 


NaN02 

NaN03 

daCl 


100  6i  200  ppm 
500  6i  1000  ppm 
15.  2.0  &  2.51 


*Currently,  Food  Division,  U.  S.  Army  Natick  Laboratories 
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The  above  8ub8t<3nce9  viere  weighed  out  In  flasks  and  sufficient  water 
was  added  to  taake  a  heavy  viscous  suspension  which  was  then  added  to 
the  previousl:  weighed  seat  sample  (approx.  1000  gna) .  Following  a 
thorough  hand -mixing,  the  sieat  mixture  was  held  at  4-6°C.  for  18  hours 
to  allow  the  added  cotapoundCs)  to  diffuse  throughout  the  meat. 

The  meat  was  then  Inoculated  with  1  x  10^  viable  heat  shocked 
spores  per  gram  and  thoroughly  mixed  Approximately  IOC  gms .  of  the 
inoculated  meat  mixture  was  packec  into  baby  feed  cans  (202  x  204) 
and  sealed  They  were  then  packed  in  wet  ice  in  an  ineuli»ted  ice 
chest  and  shipped  to  the  Gaama  Test  Facilities,  Arco,  daho ,  for 
radiation  The  cans  were  returned  by  the  same  Taethod. 

The  meat  used  ir.  these  experiments  was  high-quality  freshly 
grcand  round  steak  cbtalneo  from  a  locally  operated  government- 
inspected  retail  market 

Radiation  Source.  All  cans  in  these  experiments  were  Irradieted 
et  the  Caana  Test  Facilities,  Arcc,  Idaho.  The  radiation  levels  used 
were  2.0,  25  and  3.0  Mrads. 

Handling  o^f  Samples  and  Assay  fpj^  Spore  Survivel .  The  irradiated 
sasQ>lee  returned  to  'hregon  State  University  were  Incubated  at  35'^C. 
until  a  hard  swell  developed  They  were  th^n  opened  end  examined 
microscopically  to  determine  if  spore  growth  had  occurred.  If  no 
spoilage  occurred  within  120  days,  the  cans  ware  opened  and  assayed. 

The  assay  procedure  consisted  of  opening  the  cans  asiiept  Ic al  ly 
and  ressoving  a  10  gm.  sample  from  various  parts  cf  the  can  with 
alcohol- f lasted  forceps  These  samples  were  transferred  to  atcrilc  screw 
cap  tubes,  covered  with  7  ml  of  steamed  tryptlcase  thiogiyccllete  broth 
and  incubated  anaerobically  tor  u  days  at  35‘'C.  The  incubrted  subcul- 
turea  wera  centr,.tagtl  at  2200  RPM  for  "'0  minutes  to  separate  the  srnat 
from  the  supernatant  which  contained  the  bctulinal  toxin.  The  supet 
natant  was  decanted  off  and  divided  into  two  aliquots.  One  portion  was 
transferred  to  a  sterile  cuHure  tube  (15  x  150  msfi)  t^nd  served  as  toe 
active  preparation;  the  remaining  pcrtl-on  was  transferred  into  another 
culture  tube  and  boiled  for  15  minutes  to  inactivate  any  toxin  present 
and  to  volatllirc  certain  toxic  substances  such  as  asnenia.  These  latter 
tubes  were  agsin  centrifuged  and  subsequently  served  as  a  control.  Both 
sets  of  culture  tubes  were  covered  with  rubber  hooded  steppers  and  taped 
shut  . 
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Th«  liquid  taaplea  were  Chen  Injected  Increperlconeelly  InCo  white 
mice  (15-20  gms.  eech) ,  using  e  dose  of  0.20  ml.  per  mouse.  Two  mice 
received  the  unboiled  Inoculum  end  one  received  the  boiled  Inoculum. 
Toxicity  of  Che  preperstlon  was  cherecterleed  by  the  typical  symptoms 
of  bctullnal  poisoning  followed  by  death.  Lethal  effects  were  absent 
In  the  boiled  control. 

In  order  to  ascertain  the  presence  of  viable  spores  In  Che  toxln- 
contalnlng  samples »  subcultures  were  made  from  the  10  gm.  sieat  samples. 
These  subcultures  were  Chen  examined  microscopically  for  presence  of 
spores  and  toxln-produclng  ability. 

RESULTS  AND  DISCUSSION 

Results  sho%m  in  Table  1  Indicate  that  botullnua  spores  (33A) 
are  not  destroyed  when  Inoculated  Into  canned  ground  round  and  Irra¬ 
diated  (2.0  Mrad)  In  the  presence  of  various  combinations  of  NaN02 
(100  ppm),  HaNOj  (500  ppm)  and  NaCl  (1.5%).  Microbial  spoilage  was 
retarded  for  30-55  days  when  the  Irradiated  cans  contained  NaNOj  or 
NaN03  V  MaCl.  In  all  other  cases,  spore  germination  occurred  as 
rapidly  In  the  Created  samples  as  In  the  controls.  The  unlnoculated 
controls  remained  In  satlsfac'tory  condition  during  the  120  day  Incu- 
batlcn  period  (35®C) . 

When  NaN02  was  ussji  in  higher  concencratlcns  (200  ppm)  with 
Irradiation,  the  rate  an<l  extent  of  spoilage  was  decreased  but  not 
prevented  entirely  {Table  2).  The  highest  level  of  radiation  used 
(3.0  Mrad)  In  combination  with  NaN02  gave  16%  spoilage  (4  out  of  25 
cans)  whereas  the  lower  levels  of  Irradiation  (2.0  and  2.5  Mrad) 
resulted  In  50%  spoilage  (12  out  of  25  cans*.'.  The  use  of  NeN02  or 
Irredletlon  separately  was  Ineffective.  Viable  spores  and  lethal 
toxin  were  recovered  from  7  out  cf  50  non- ap;- lied  cans. 

In  Table  3  NaN03  was  used  at  the  lOGO  ppm  level.  The  extent 
of  spoilage  was  reduced  to  u%  (I  can  <'.uc  of  25)  and  there  were  no 
recoverable  viable  spores  c*r  coxln  when  Irradiated  to  3.0  Mrad.  How¬ 
ever,  the  can  contents  possessed  s  very  cbjectlonsble ,  rancid  odor 
which  may  be  sttrlbuted  to  the  high  radiation  level  used.  Lower 
levels  of  irradiation  resulted  In  20-40%  spoilage  {:ut  of  25  cane), 
but  vlabls  spores  and  lethal  tcxln  were  frund  In  the  unspoiled  samples. 


since  NaCl  has  long  been  used  as  a  food  preseip/etive,  this  compound 
was  tested  at  concentrations  of  2  and  2.3^  in  combination  with  radiation 
doses  which  do  not  produce  undesirable  odors  in  the  meat.  The  results 
of  Table  indicate  there  was  60X  spoilage  (out  of  30  cans)  and  a  high 
rate  f^O-lOQZ)  of  racovery  of  viable  spores  and  lethal  toxin  from  the 
unspoilad  cans. 

A  previous  report  (Anderson,  1962)  indicated  that  nitrates  and 
nitrites  in  combination  with  sodium  chloride  prevented  the  developatent 
bo^^ulinum  spores  (5A  and  115B)  in  irradiated  canned  meat  during  a 
90  day  incubation  period.  It  was  felt  desirable  to  test  these  substances 
on  spores  of  botullnum  (33A).  This  is  reported  to  be  one  of  the  most 
radiS'.ion  resistant  strains  of  botullnum  when  irradiated  in  phosphate 
buffer  (Ancllis  and  Koch,  1962>. 

When  NaN02  (200  ppm)  plus  NaCl  (2.5X)  were  added  to  the  inoculated 
canned  meat  and  irradiated  at  2.5  or  3.0  Mrad,  no  spoilage,  recoverable 
viable  spores,  ox  lethal  toxin  (out  of  60  cans,  total)  was  found  after 
120  days  of  Incubcclon.  Using  the  same  combination  of  chemicals  and  a 
lower  level  of  radiation  (2.0  Mrad)  resulted  in  0.8X  spoilage  (1  can  out 
of  125,  total)  but  5  of  the  remaining  124  cans  contained  viable  spores 
and  toxin  (Table  5).  Ir  is  conceivable  that  the  one  spoiled  can  was 
due  to  mishandling  at  the  radiation  source  or  to  a  localized  high  spore 
concentration  in  the  can  and,  hence,  may  not  be  significant.  However, 
the  observation  that  4X  of  the  unspoiled  cans  contained  lethal  toxin  is 
of  considetable  Importance  in  evaluating  this  treatment.  Kempe  (1962) 
inoculated  high  levels  of  botullnum  (62A)  into  canned  ground  meat 
followed  by  irradiation  and  incubation  for  6  months  to  5  years.  He  found 
no  visible  spoilage  or  viable  spores  but  found  ample  evidence  of  botulinal 
toxin.  He  attributed  the  presence  of  toxin  to  the  original  inoculum  of 
heat  shocked  spores  which,  by  themselves,  contained  sufficient  toxin  to 
kill  mice.  In  the  present  experiment,  viable  spores  were  recovered  from 
all  samples  which  contained  toxin  even  though  there  was  no  apparent  8(K>llage. 
Hence,  the  use  of  NaN02  and  NaCl  in  conjunction  with  radiation  will  prevent 
spoilage  of  inoculated  meat,  but  there  is  evidence  of  spore  viability  even 
after  120  days  of  storage. 

When  NaN03  (1000  ppm)  plus  NaCl  (2.0  A  2,5X)  were  incorporated  into 
inoculated  canned  ground  round  and  subsequently  irradiated,  no  spoilage 
over  the  120  day  incubation  period  and  no  viable  spores  or  toxin  were  found 
(Table  6). 


All  o2  rAdl«tloa  proved  equally  effective.  Ibis  observation 

ia  perhaps  note  slgniflcaat  than  soiee  previous  reports,  since  a 
large  number  of  saaples  was  analysed  (125  total  at  che  2.0  Mrad 
exposure  level),  and  the  Incubation  period  was  extended  to  120  days 
(vs.  90  days).  In  addition,  there  was  little,  if  any,  undesirable  odor 
froB  the  neat  when  irradiated  at  the  lowest  level,  and  the  color  was 
quite  coBparable  to  that  of  fresh  ground  round. 

There  are  several  areas  which  merit  further  study.  Do  the 
growth  tesiperature  and  media  of  the  inoculum  subsequently  alter  the 
radiation  resistance  of  the  spores  when  introduced  into  meat?  It 
should  also  be  emphasized  that  the  inoculum  consisted  of  1  x  10^  spores 
per  gram  of  meat.  Since  Kempe  (1962),  Niven  (1958)  and  Riemann  (1962) 
reported  that  the  inoculum  size  is  an  important  factor  in  determining 
the  required  radiation  sterilization  dosage,  it  is  possible  that  the 
levels  of  additives  and  radiation  used  in  this  experiment  could  be 
appreciably  reduced  if  the  inoculum  size  was  decreased.  It  would  seem 
more  practical  to  devise  a  method  of  sterilization  wherein  the  inoculum 
size  s»re  nearly  approaches  that  found  in  naturally  contaminated  foods. 
Also,  considerable  basic  research  remains  to  be  done  in  explaining  the 
mechanism  %fhereby  nitrates,  nitrites  and  sodium  chloride  function  syner” 
glstically  in  preventing  spore  development  in  Irradiate^’  substances. 

In  conclusion  it  was  observed  that  Inoculated  canned  ground  round 
was  effectively  sterilized  by  radiation  when  NaN03  and  NaCl  were  used  in 
combination  as  additives.  The  use  of  NaII02  plus  NaCl  was  less  effective 
and  nitrite,  nitrate,  sodium  chloride  and  radiation  when  used  separately 
proved  to  be  quite  ineffective  in  preventing  spoilage. 
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TABLE  1 


Spoilage  of  canned  ground  round  b«e£  Inoculated  with  Clostfldlun 
botulinum  (33A)  plus  test  compound  and  irradiated  at  2,0 
megarad^ 


Test 

C.  botu^aum  .  Hr*d« 

Days  of 

Per  cent  of 

Cmpd . 

Cone.  Spores/gm. 

1^  cubation 

Total  Cans 

Bef  ore 

Spoiled** 

Spoilage 

None 

-- 

0 

0 

5 

100% 

None 

-- 

1 

X 

10^ 

0 

5 

100% 

NaN02 

100  ppm 

1 

X 

10^ 

0 

5 

100% 

NaN03 

500  ppm 

1 

X 

10^ 

0 

5 

100% 

NaN02 

+ 

100  ppm 

1 

X 

10® 

0 

5 

100% 

Nad 

1 . 5% 

NaNO-, 

+ 

500  ppm 

1 

X 

10^ 

0 

5 

100% 

NaCl 

1 . 5% 

None 

-- 

0 

2 

120 

0 

None 

-- 

1 

X 

10^ 

2 

5 

100% 

NaNO^ 

100  ppm 

1 

X 

10^ 

2 

5 

100% 

NaN03 

500  ppm 

1 

X 

10^ 

2 

55 

100% 

NaN02 

+ 

100  ppm 

1 

X 

10® 

2 

15 

100% 

1.5% 

MaNO 

+  ^ 

500  ppm 

1 

X 

10^ 

2 

30 

100% 

Nad 

1.5% 

Five  cans  were  used  per  sample  run 
**  Spoilage  indicated  by  hard  swell  of  the  can  and/or 
spoiled  contents. 
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TABLE  2 


Spoilage  of  canned  ground  round  bMf  Inoculated  with  C.  botullnua 


(33A)  plus 

NaN02 

and 

irradiated 

at  various 

dosage 

levels 

Test 
Cmpd . 

C.  botullnf. 

Cone.  Spores/gm. 

Mrad, 

No. 

of 

cans 

llays  of 
incuba¬ 
tion 
bef  ore 
spoi lage 

% 

Total 

cans 

spoiled 

%' 

Unspoiled  can.', 
containing 
mouse- letha 1 
toxin* 

NaN02 

200  ppm 

0 

0 

5 

10 

100% 

— 

NaNO^ 

2 

200  ppm 

1 

X 

10^ 

b 

25 

15 

100% 

— 

None 

— 

1 

X 

10^ 

2 

5 

5 

100% 

— 

NaNO^ 

200  ppm 

1 

X 

10^ 

2 

25 

120 

48% 

0 

None 

— 

1 

X 

10^ 

2.5 

5 

120 

80% 

0 

NaN02 

200  ppm 

1 

X 

10^ 

2.5 

25 

120 

52% 

25% 

None 

— 

1 

X 

10^ 

3.0 

5 

120 

40% 

0 

NaNO^ 

200  ppm 

1 

X 

lO" 

3.0 

25 

120 

16% 

14% 

*  All  cans  which  did  not  spoil  after  120  days  incubation  (35®C) 
were  checked  for  botulinum  toxin.  The  presence  of  viable 
spores  was  indicated  by  microscopic  examination  of  subcultures. 
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TABLE  3 


Spoilage  of  canned  ground  round  Inoculaf  d  with  Cloatrldlu« 

botulinuni  (33A)  plus  NaN03  and  irradiated  at  various  dosage  levels 


Test 

Cmpd. 

C.  botulinum  . 

Cone.  Spores/gm. 

Mrad.. 

No. 

of 

cans 

nays  of 
incuba¬ 
tion 
bef  ore 
spoilage 

% 

Total 

cans 

spoiled 

% 

Unspoiled  cans 
containing 
mouse- letha 1 
toxin* 

NaNO^ 

1000  ppm 

1 

X 

10^ 

0 

_ e. _ 

25 

5 

100% 

— 

NaNO^ 

1000  ppm 

0 

5 

5 

100% 

— 

NaN03 

1000  ppm 

1 

X 

10^ 

2 

25 

120 

20% 

10% 

None 

— 

1 

X 

10^ 

2 

5 

30 

100% 

— 

NaN03 

1000  ppm 

1 

X 

10^ 

2.5 

25 

120 

40% 

20% 

None 

— 

1 

X 

10^ 

2.5 

5 

30 

100% 

— 

NaNO^ 

1000  ppm 

1 

X 

10^ 

3.0 

25 

120 

4% 

0 

None 

— 

1 

X 

10^ 

3.0 

5 

120 

60% 

0 

*  All  cans  which  did  not  spoil  after  120  days  incubation  (35^C) 
were  checked  for  botulinum  toxin.  The  presence  of  viable 
spores  was  indicated  by  microscopic  examination  of  stibcul  tures. 
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TABLE  4 


Spoil af’e  of  canned  eronnc’  round  beef  inoculated  with  Cloetfldlum 

botulinum  (33A)  pltis  NaCl  ancl  irradiated  at  2.0  niot'arad 


'1'  'St 
CiMptI  . 

Cone. 

G.  botulinum. 

Spores/f^m. 

Mrad.  . 

No. 

of 

cans 

Days  of 
incuba¬ 
tion 
bef  ore 
spoilage 

Ot 

/o 

Total 

cans 

spoiled 

cr 

/'O 

Unspoiled  cans 
containing 
mouse-lethal 
toxin* 

Nad 

2.5% 

0 

0 

5 

5 

100% 

— 

Nad 

2.5% 

1  X  106 

0 

5 

5 

100% 

— 

NaCl 

2.5% 

1  X  10^ 

2 

25 

120 

60% 

40% 

NaCl 

2.0% 

1  X  10^ 

2 

5 

120 

60% 

100% 

None 

-- 

1  X  10^ 

2 

5 

20 

100% 

*  All  cans  which  did  not  spoil  after  120  days  incubation  (35®C) 
were  checked  for  botulinum  toxin.  The  presence  of  viable 
spores  was  indicated  by  microscopic  examination  of  subcultures. 


•  11  - 


TABLE  5 


Spoilage  of  canned  ground  round  bMf  Inoculated  with  Clostrldiuin 
botulinum  (33A)  plus  test  compounds  and  irradiated  at  various 
dosage  levels 


Test 

Cmpd. 

Cj. 

Cone. 

bokullnuii^ 

Spores/gm. 

Mrad..  No. 

of 

cans 

Days  of 
incuba¬ 
tion 
bef  ore 
spoilage 

% 

Total 

cans 

spoiled 

% 

Unspoiled  cans 
containing 
mouse- lethal 
toxin* 

NaN’C  . 
+  ^ 

Nad 

20C  ppm 

2.5% 

0 

0  5 

25 

100% 

— 

NaN02 

Nad 

200  ppm 

2.5% 

1 

X  10^ 

0  25 

80 

100% 

— 

None 

— 

1 

X  10^ 

2  5 

7 

100% 

— 

NaNO^ 

+ 

Nad 

200  ppm 

2.5% 

1 

X  10^ 

a.  25** 

2  b.lOO***  120 
tot.  125 

0.8% 

4% 

None 

— 

1 

X  10^ 

2.5  5 

15 

100% 

_  — 

NaNO^ 
+  2 

Nad 

200  ppm 

2.57. 

1 

X  10^ 

a.  25** 

2.5  b.  10**  120 

tot.  35 

0 

0 

None 

1 

X  10^ 

3.0  5 

120 

80% 

0 

NaN02 

+ 

Nad 

200  ppm 

2.5% 

1 

X  10^ 

3.0  25 

120 

0 

0 

NaNOp 

+ 

Nad 

20 u  ppm 

2% 

1 

X  106 

2.0  10 

120 

10% 

0 

*  All  cans  which  did  not  spoil  after  120  days  were  checked  for 
botulinum  toxin.  The  presence  of  viable  spores  was  indicated 
by  microscopic  examination  of  subcultures. 

**  Results  of  preliminary  study. 

***  Results  of  final  experiment. 
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TABLE  6 


Spoilage  of  canned  ground  rouiu'  Seef  inoculated  \;lth  Clostridlup  botuiinuTii 
C 33A)  plus  test  compounds  and  irradiated  at  various  dosage  levels 


lest 

Cmpd. 

Ci. 

Cone. 

botulinum. 

Spores/gm. 

Mr&d. . 

No. 

of 

cans 

Days  of 
incuba¬ 
tion 
bef  ore 
spoilage 

Of 

fO 

Total 
cans 
spoi led 

'J 

Unspoiled  cans 
containing 
mouse- lethal 
toxin* 

NaNO^ 

Nad 

1000  ppm 

2.5% 

0 

0 

5 

120 

80% 

0 

NaNO^ 

NaCl 

1000  ppm 

2.5% 

1 

X 

10^ 

0 

25 

30 

100% 

— 

None 

— 

1 

X 

10^ 

2 

5 

85 

100% 

— 

NaNO^ 

+ 

NaCl 

1000  ppm 

2 . 5% 

1 

X 

10^ 

2 

a  25'*^* 
b!l00>**  120 
tot.  125 

0 

0 

None 

1 

X 

10^ 

2.5 

5 

120 

80% 

n 

NaNO_ 

NaCl 

1000  ppm 

2.5% 

1 

X 

10^ 

2.5 

25 

120 

0 

0 

None 

— 

1 

X 

10^ 

3.0 

5 

120 

0 

0 

NaNO, 

NaCl 

1000  ppm 

2.5% 

1 

X 

10^ 

3.0 

25 

120 

0 

0 

NaNO- 

+ 

NaCl 

1000  ppm 

2.0% 

1 

X 

10^ 

2.0 

10 

120 

0 

0 

*  Those  cans  which  did  not  spoil  after  120  days  were  checked  for 
botulinum  toxin.  The  presence  of  viable  spores  was  indicated 
by  microscopic  examination  of  subcultures. 

**  Results  of  preliminary  study. 

*■*•*  Results  of  final  experiment. 
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